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Li-ion batteries (LiBs) reach the end of life (EOL) in electric vehicles (EV) application when 
their capacity reaches 80% of nominal value. However, there is plenty of energy and power 
remaining in them, which can be used in second-life applications. The suitability of EOL EV-
batteries for second-life applications needs to be carefully investigated. For instance, the state 
of charge (SOC), state of health (SOH), and thermal behaviour during ageing need to be 
accurately assessed before implementation in the second-life application, otherwise, the 
second-life system performance would suffer. Moreover, the variation of voltage and current 
density during cycling lead to a non-uniform temperature distribution, degradation and 
imbalanced ageing. A clear understanding of these degradations is also essential to achieve 
the full potential of EOL EV-batteries in the second-life applications.  
In this study, the electro-thermal behaviour of EOL Nissan Leaf battery pack is investigated. 
Four EOL batteries (LMO chemistry and an initial capacity of 33Ah) from the same Nissan 
Leaf battery module are used in this study. Batteries arrangement in the module is shown in 
Fig. 1 (a) and to establish the connection in the module, tabs were cut and their active 
connection width was 1/4 of full tab width. 
 
Figure 1: (a) Batteries arrangement in the module, (b) thermal imaging setup, and (c) a few 
preliminary results. 
 
LiBs thermal imaging is performed during discharging from 100% SOC (4.2V) to 0% SOC 
(2.7V) with 50A current in a thermal chamber at 25?C with FLIR A655sc camera as shown in 
Fig. 1 (b). Thermal images at the end of discharge are shown in Fig. 1 (c). All four batteries 
have shown increased resistance in the lower corner below the positive tab, while batteries 
with smaller tabs connection distance (No.2 and No.4) show increased resistance underneath 
the positive tab. Battery with the most uniform temperature distribution over the surface (No. 
3) is the battery with the lowest measured resistance. These results clearly indicate that not 
all four cells from the same module will perform equally in second-life applications. 
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Li-ion batteries (LiBs) reach the end of life (EOL) in electric vehicles 
(EV) application when their capacity reaches 80% of nominal value. 
However, there is plenty of energy and power remaining in them, which 
can be used in second-life applications. 
The state of charge (SOC), state of health (SOH) and thermal 
behaviour during ageing need to be accurately assessed before 
implementation in the second-life application, otherwise, the second-life 
system performance would suffer. 
 
 
 
 
 
Also, variation of voltage and current density during cycling lead to a 
non-uniform temperature distribution, degradation and imbalanced 
ageing. A clear understanding of these degradations is also essential to 
achieve the full potential of EOL EV-batteries in the second-life 
applications.  
Introduction 
Methods 
From the EOL Nissan Leaf battery pack, one of forty-eight modules was 
opened and four EOL batteries (LMO chemistry and an initial capacity of 
33Ah) from the same Nissan Leaf battery module are used in this study. 
 
 
 
 
 
 
 
 
 
Electrochemical Impedance Spectroscopy (EIS) and thermal imaging 
measurements were done for all batteries. For EIS measurements and 
batteries’ cycling during thermal imaging Bio-Logic HCP-1005 potentiostat 
was used. Thermal imaging was done by FLIR A655sc 25o camera. All 
batteries were painted using a high emissivity paint (0.96) to enable 
precise temperature measurements and to reduce reflections. 
Measurements were done in thermal chamber at 25oC temperature. 
Results from EIS and thermal imaging measurements are shown below. 
Battery cell No. 3, which is in the middle of the module, has the lowest 
measured resistance. The same battery cell has the smallest temperature 
difference over surface during discharging. It was expected that battery in 
the middle of the module would have less capacity, because temperatures 
during battery operation should be higher in the middle compared to 
batteries on the module ends. Temperature difference over battery cell 
surface provide useful information about uniformity of ageing of the cell. 
During cycling, battery in the middle of the module should sustain less 
temperature difference and that will cause more uniformed ageing. 
Results 
oNot all four cells from the same module will perform equally in second-
life applications, 
oMaterial characterization of the battery cells will be done and SEI layer 
will be measured, 
oMore modules with different position in the pack will be measured and 
influence of the module position in the pack on the battery ageing will be 
analysed, 
oModelling of the module thermal behaviour will be conducted. 
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Code Presenting author Title 
P_T01 Angela Maria Stortini 
Plasma activation of copper nanowires arrays for 
electrocatalytic sensing of nitrate in food and water 
P_T02 Alberto Battistel Volterra Series and the Generalization of the Equivalent Circuits 
P_T03 Chiara Ferrara FeTiO3 as anode material for sodium ion batteries: from morphology control to decomposition 
P_T04 Claudio Gerbaldi EnABLES: European infrastructure powering the internet of things 
P_T05 Daniele Versaci Facile synthesis of SnO2/carbon anode material for high performance Li-ion battery 
P_T06 Federica Proietto Electrochemical conversion of carbon dioxide to formic acid at Sn and BDD cathodes 
P_T07 Federico Brombin High valence transition metals doping of olivine cathode for superior energy and fast cycling lithium batteries 
P_T08 Francesca Lorandi Pros and cons of highly active Cu-catalysts for atom transfer radical polymerization 
P_T09 Gabriele Lingua Innovative single-ion conducting solid electrolytes for safe, high performing energy storage devices 
P_T10 Giuseppina Meligrana 
Graphene-modified LiFePO4 cathodes for advanced Li-/Na-ion 
secondary batteries 
P_T11 Lourdes Vázquez-Gómez 
Preparation of catalytic anodes for oxygen evolution by oxide-
oxide galvanic exchange reactions 
P_T12 Stefano Caporali Aluminium anodization from ionic liquid and deep eutectic solvent: alternative routes to traditional surface treatment 
P_T13 Stefano Caporali Electrodeposition and characterization of nanosized metallic copper from deep eutectic solvent 
P_T14 Leonardo Mattiello Electrochemical studies of new donor-acceptor oligothiophenes 
P_T15 Lorenzo Fabbri Study of the oxygen reduction reaction in alkaline media of functionalized carbon nanotubes 
P_T16 Lubomír Pospíšil Chiroptical redox switching of azoniahelicenes 
P_T17 Luca Mattarozzi Electrodeposition of compact Ag-Ni alloys from concentrated chloride baths 
P_T18 Abdirisak Ahmed Isse 
Electrochemically mediated atom transfer radical 
polymerization of N,N-dimethylacrylamide 
P_T19 Luigi Falciola Anodic titanium dioxide nanotube arrays for electroanalytical purposes 
P_T20 Magdaléna Hromadová 
Single molecule conductance of electroactive helquats. Solvent 
effect 
P_T21 Marco Lunardon MoS2(1-x)Se2x/Graphene hybrids for electrochemical hydrogen evolution reaction 
P_T22 Maria Assunta Navarra 
A sub-stoichiometric calcium titanate CaTiO3−δ additive to 
enhance the oxygen reduction reaction catalytic activity 
P_T23 Mariarita Santoro Nickel-based structured catalyst for indirect internal reforming of methane in solid oxide fuel cells 
P_T24 Walter Giurlani 
Cobalt electrodeposition on chars obtained from pyrolysis of 
waste tires: a study on the catalytic efficiency in ORR via 
hydrodynamic voltammetry 
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P_T25 Miroslav Pavlović 
Influence of A’ cation substitution on promotion of 
supercapacitance of rare earth/CoO3-based spray pyrolytic 
perovskite microspheres 
P_T26 Morteza Rahmanipour 
High-surface area carbon materials as alternative counter 
electrode for electrochemical characterization of electrode 
materials for sodium-ion cells 
P_T27 Nicola Comisso New evidences on the growth of oxide layers via oxide-oxide galvanic exchange reactions 
P_T28 Patrick Marcantelli Experimental study for environmentals friendly silver electroplating for the production of jewels 
P_T29 Roman Pichugov 
Bromate-ion (BrO3?) reduction in acidic solution at RDE. 
Theoretical predictions vs. experimental data for maximal 
current density 
P_T30 Sanja Eraković Long-lasting oxygen evolving titanium anodes activated by Mn and Sn oxides by hydrothermal air-pyrolytic brushing 
P_T31 Siddharth Gadkari Can biofilm be modelled as a porous conductive layer? 
P_T32 Valentina Perazzolo 
Synthesis of micro- and mesoporous carbons from PEO-b-PS 
soft template and resorcinol-formaldehyde resins for the in situ 
generation of hydrogen peroxide 
P_T33 Antonio Gentile Structure properties correlation in MXenes: 2D anodic materials for sodium ion batteries 
P_T34 Chia-Yu Lin n-p BiVO4-CuBi2O4 nano-heterojunction as an efficient photoanode in photoelectrochemical water oxidation 
P_T35 Davide Clematis 
Interaction between La0.6Sr0.4FeO3 and La0.6Ba0.4CoO3 and 
investigation of Ba0.99Sr0.297La0.594Co0.8Fe0.2O3-δ as cathode for 
intermediate temperature solid oxide fuel cells 
P_T36 Giorgia Daniel Plastic derived carbon materials for oxygen reduction reaction: effect of pre- and post- treatments 
P_T37  Promoted to oral presentation 
P_T38 Marco Musiani 
Preparation of electrodes for the reduction of CO2 to formic acid 
at low overpotential by electroprecipitation of nanostructured 
CeO2 onto BDD electrodes 
P_T39 Riccardo Brandiele Exploiting N-doped carbon spheres for supercapacitors 
P_T40 Riccardo Brandiele Pd3Y alloyed NPs synthetized by laser ablation: toward zero platinum in PEMFC cathode catalysts 
P_T41 Sara Bonacchi A new monolayer-protected clusters: the 145
th gold atom 
matters 
P_T42 Simelys Hernández Catalytic vs. electrocatalytic reduction of CO2 to added-value products 
P_T43 Simone Bonizzoni PEO-grafted TiO2 filler as solid polymer electrolyte for lithium rechargeable batteries 
P_T44 Alessandro Facchin 
Behavior of Fe(III)-octaethyl porphyrin adsorbed on HOPG 
towards ORR probed by electrochemical scanning tunneling 
microscopy 
P_T45 Yi-Hsuan Lai 
Electrodeposited nickel molybdenum sulfide for 
electrochemical and photoelectrochemical hydrogen 
generation in near-neutral medium 
P_T46 Arcangelo Celeste Lithium rich transition metal oxides as high capacity positive electrode materials in Li-ion cells 
P_T47 Chuanyu Sun 
Hybrid inorganic-organic proton-conducting membranes based 
on SPEEK doped with WO3 nanoparticles for application in 
vanadium redox flow batteries 
P_T48 Yannick H. Bang 
Interplay between activation processes, physicochemical 
properties and electrochemical performance of “core-shell” 
carbon nitride Pt-Ni ORR electrocatalysts based on hierarchical 
graphene supports 
